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ds.2012.1Abstract The purpose of this study was to examine the mechanical behavior of water-aged nano-
ﬁlled hybrid dental composites at four time intervals.
Three nano-ﬁlled hybrid composites were tested; 20 specimens of each were fabricated, calibrated
and transferred to desiccators at 37C for dryness. Dry weights of the specimens were measured
after 24 and 48 h. Additionally, all specimens were weighted, while being stored in distilled water
at 37C, at the following time intervals: 1, 3, 7 and 14 days. The specimens were then subjected
to the applied force for measuring the ﬂexural strength and elastic modulus using a universal testing
machine. The loss tangent (d) was also measured using the same test, in a trial to describe some of
the viscoelastic parameters of the investigated materials. Data were analyzed and compared using
one-way analysis of variance (ANOVA) at P= 0.05. Tukey Post Hoc test was also conducted in
order to compare the difference among these materials.
For the ﬂexural strength test, Filtek Supreme XT showed signiﬁcance differences among all the
experimental intervals, while, there were no signiﬁcant differences between Tetric EvoCeram and
Grandio. For the modulus of elasticity test, Tetric EvoCeram showed signiﬁcant differences at dif-
ferent storage time intervals. In contrast, the modulus values did not signiﬁcantly differ with other
tested composite materials. The elastic deformation; loss tangent, tan(d) of Tetric Evo Ceram was
the lowest, while Filtek Supreme XT had the highest value among the different storage intervals.
While aging in water, all the tested materials showed relatively stable elastic and mechanical
behaviors. Additionally, it could be concluded that the tested nano-ﬁlled hybrid resin materials
had similar behavior while ageing in water.
 2012 King Saud University. Production and hosting by Elsevier B.V.il.com
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22 N. Ateyah1. Introduction
The ongoing demands for better mechanical properties and
good esthetic characteristics of restorative materials have led
the scientists to develop and improve the resin composite res-
toration to fulﬁll these demands [14].
Mechanical properties of resin-based composites are mainly
dependent upon their microstructure and composition. The
micro structural characteristics involve the distribution of ﬁller
particles in the bulk, the morphology of these ﬁller particles
and the presence of pre-existing cracks and voids. Further-
more, these characteristics are directly related to the composi-
tion of the composites. The variation of the Bis GMA/
TEGDMA/UEDMA ratio affects signiﬁcantly the mechanical
properties of the composite, suggesting that speciﬁc combina-
tions should be developed according to certain applications of
the material. The long-term durability, evaluated by means of
water sorption and solubility of the composites, has also been
shown to be dependent on their organic content [15,1]. How-
ever, the inorganic ﬁller content is considered to be the most
valuable factor concerning the improvement of the mechanical
properties of resin-based composites [2].
Many workers had studied the inﬂuence of the ﬁller rate
and morphology on the ﬂexural strength, modulus, and frac-
ture toughness of the composites. They found that the lowest
ﬂexural strength and elastic modulus were observed with a ﬁl-
ler content of 40% (micro ﬁne) [9,16].
In the recent developments, a number of nano-ﬁlled tooth
colored restorative materials were introduced to the profes-
sion; however, these materials were constructed to build up a
hybrid composite from bottom-up by incorporating nanomet-
ric sized ﬁller particles [7]. The ﬁller particles’ size ranged from
5 to 100 nm. These materials have improved the color, in-
creased ﬂexural strength and reduced polymerization shrink-
age [7,4,12].
Craig and Powers [3] showed that, the elastic modulus rep-
resents the stiffness of material within the elastic range, while,
its Yield strength exhibits deviation from proportionality of
stress–strain. Yield strength is determined from the stress–
strain curve and represents the point at which the material
exhibits permanent deformation. However, Elastic limit and
Yield strength of materials are clinically signiﬁcant properties
and have been proven to inﬂuence the longevity of both the
restoration and the surrounding dental tissue [11].
Viscoelasticity of the dental composite is a clinically rele-
vant behavior as it controls to a great extent their handling
as well as placement into prepared cavities. Viscoelastic perfor-
mance of the materials is expressed in different ways. Storage
and loss moduli of dental materials are frequently measured to
determine such behavior. The storage modulus measures, the
stored energy, representing the elastic portion, and the loss
modulus measures, the energy dissipated as heat, representing
the viscous portion. The ratio of the loss modulus to the stor-
age modulus is deﬁned as the loss tangent, tan(d), and is often
called damping. Damping is the dissipation of energy in a
material under loading. It varies with the state of the material,
its temperature, and with the frequency [6].
Several quantitative studies described the developmental of
Young’s modulus of resin composites during setting [2], while
few research projects have investigated the mechanical andviscoelastic behaviors of esthetic dental restorative materials
during and immediately after setting [5,13].
Following an extensive review of the literature, it was in-
tended to study the inﬂuence of the water storage time or aging
on some mechanical parameters for three recently introduced
nano-ﬁlled hybrid composite restorative materials. Four time
intervals were investigated.
2. Materials and methods
Three nano-ﬁlled hybrid composites were tested in this study.
The composition and the manufacturer of each material are
listed in Table 1.
2.1. Specimen preparation
Rectangular bar-shaped specimens were selected for use in the
present investigation. A split Teﬂon mold, 2 mm in depth,
2 mm in width and 25 mm in length was constructed for the
preparation of the specimens. Using the mold, 60 specimens
of the three nanocomposite materials were prepared, 20 speci-
mens each. The specimens were then covered by a Mylar strip
at both sides. A glass slide plate was applied on top of each
surface. Each specimen was light-cured from the top and bot-
tom surfaces in three overlapping sections using a visible light
curing unit (3 M ESPE Elipar 2500 Halogen Curing Light,
Germany). The curing time of each material was performed
according to the manufacturer’s recommendations. After poly-
merization, the edges of each specimen were ﬁnished with No.
600, 800, and 1200 silicon carbide grinding paper using No.
1200 under running water, respectively (Automata grinding
and polishing unit, Jeanwirtz GMBH Co., West Germany).
A digital caliper (Fowler sylvac ultracal mark III Swiss made)
was used to determine the dimensions of the specimens.
After calibration, the specimens were transferred to desicca-
tors at 37C for dryness. The dry weight (Wd) of the specimens
wasmeasured at an accuracy of 0.1 mgafter 24 and 48 h using an
electric balance (Precisa 180A Scale PAGOerlikon AG, Zurich,
Switzerland). During storage in distilled water at 37C, the spec-
imens were weighed at 1, 3, 7 and 14 days, and the weight of
specimens that had absorbed water (Ww) was measured follow-
ing the procedure speciﬁed in ISO 10477 standard:
Water sorption¼ðWwx
WdÞ=Wdwhere x is days of water immersion:
All the specimens for each material were then subjected to
the applied force measuring the ﬂexural strength and elastic
modulus for the following time intervals: 1, 3, 7 and 14 days.
A universal testing machine (Automated material tester series
IX version 8-32-00 Instron 100 Royal St. Canton, USA) was
used for the determination of ﬂexural strength, elastic modu-
lus. A 3-point bending test (20 mm span) at a crosshead speed
of 1.0 mm/min that was aided by software of the machine (Ser-
ies IX TM, Instron Corporation, 100 Royal Street Canton,
Massachusetts 02021, USA) was selected to obtain the re-
quired data for this project. Loss tangent, tan(d), as a represen-
tative for the elastic deformation of tested composites was
determined, with some modiﬁcation using the method de-
scribed by Lee et al. [10].
Figure 1 Mean ﬂexural strength (MPa)* values for tested nano composites at different storage time periods. *All entries are signiﬁcant at
P= 0.05.
Table 1 Types and properties of nano-resin composites tested.
Materials Matrix Filler Filler
(w/w) (%)
Filler
(v/v) (%)
Manufacturer
Filtek Supreme XT
(Nano-hybrid)
(FTS)
Triethylenglycol
dimethacrylate,
urethane dimethacrylate and
Bis-GMA
Zirconia–silica (microﬁller)
0.6–1.4 lm, silica (nanoﬁller)
5–20 nm
78 57 3 M Dental
Products, St. Paul,
MN, USA
Tetric Evo Ceram
(Nano-hybrid)
(TEC)
Dimethacrylate Barium glass, ytterbium
triﬂuoride
(nanoﬁller 40 nm)
82 55 Ivolcar Vivadent
Schaan,
Liechtenstein
Grandio
(Nano-hybrid)
(GRD)
Bis-GMA, dimethacrylate,
urethane dimethacrylate and
triethyleneglycol
dimethacrylates
Glass–ceramic (microﬁller)
1 lm, SiO2 (nanoﬁller) 20–60 nm
87 71 Voco Postfach 767,
Guxhaven,
Germany
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Mean values of ﬂexural strengths, elastic modulus and loss
tangent values at the four tested periods for each material were
statistically analyzed and compared using one-way ANOVA.
Tukey HSD Post-Hoc-Test at P= 0.05 level under wet condi-
tion was also conducted in order to compare the difference
among these materials.
3. Results
The normality of stress variable was statistically analyzed
using the Kolomogorov–Simirnov test. The P value was found
to be 0.457 denoting that the normality assumption was satis-
factory. The results were depicted as histograms with standard
deviation bars. For ﬂexural strength (measured in MPa), Filtek
Supreme XT (FTS) showed signiﬁcant differences (P= 0.006)
between groups at 24 h, 3, 7 and 14 days. On the other hand,
the Post Hoc tests showed a signiﬁcant difference within the
groups at different time intervals. However, there were no sig-
niﬁcant differences between Tetric EvoCeram (TEC)
(P= 0.529) and, Grandio (GRD) (P= 0.084) (Fig. 1).
The results of modulus of elasticity showed signiﬁcant dif-
ferences for Tetric EvoCeram (TEC) (P= 0.012) at different
storage time intervals. Nevertheless, there were no signiﬁcantdifferences for modulus of elasticity with other composite
materials (Fig. 2).
It was evident from Figs. 1 and 2 that GRD exhibited the
highest Young’s modulus and ﬂexural strength values among
all materials tested. FTS and TEC showed lower values at
the same tested time periods. In general, all the results showed
a decreasing trend starting from 24 h till the 14 day intervals.
There were no differences between FTS and TEC in ﬂexural
strength (P> 0.05).
The differences between the Young’s modules and ﬂexural
strengths were varied statistically in different storage times
(24 h, 3, 7 and 14 days) for each material. However, there were
no statistically signiﬁcant differences between all groups
(P> 0.05).
The elastic deformation of TEC in terms of loss tangent
tan(d) was the lowest (0.015, 0.013 and 0.014) in the wet spec-
imens stored for 3, 7 and 14 days. While, for FTS was the high-
est loss tangent (d) (0.022, 0.022 and 0.013), respectively as
depicted in Fig. 3.
4. Discussion
Mechanical behavior could be ﬁgured out from the relation-
ship between stress and strain. Increasing the load produces
different stress–strain curves with higher loading rates giving
Figure 2 Mean elastic modulus (GPa)* values for the tested nano composites at the different storage time periods. *All entries are
signiﬁcant at P= 0.05.
Figure 3 Mean loss tangent values nano-composites at the different storage time periods.
24 N. Ateyahhigher values for the elastic modulus and material that have
mechanical properties independent of loading value are termed
elastic. Ref. [3] deﬁned materials that have mechanical proper-
ties dependent on loading rate are termed viscoelastic.
Two of the nanocomposite materials (GRD, FTS) used in
the current investigation showed higher ﬂexural strength and
Young’s modulus than the TEC nano-hybrid composite. The
GRD had higher values than FTS and TEC possibly due to
their composition which is based on dimethacrylates and Bis-
GMA matrix. Such a matrix provides higher Young’s modulus
and ﬂexural strength than the FTS that is based on triethylene
glycol dimethacrylate. On the other hand, the nano-hybrid
composite TEC showed a decrease in its ﬂexural strength
and Young’s modulus. However, storage of the material in
water or aging decreased their Young’s modulus, and this
was statistically insigniﬁcant. This could explain and support
the concept of a plasticization of the resin matrix by water
sorption.
From the literature, it is evident that if the elastic properties
of composites could be matched with those of either dental tis-
sues (enamel or dentin) when the materials are in contact, mar-
ginal separation by mechanical deformation during masticationwould be minimal. Moreover, the loading stresses would be
transmitted more uniformly across the restoration–tooth inter-
faces. Hosoya and Marshall [8] reported that Young’s modulus
for the dentine of a sound tooth was 19.89 GPa. In the current
study, the Young’s modulus of TEC was 16.65 which is within
the range of that for tooth structure.
It is known that elastic deformation is accompanied by the
storage of elastic energy within the material. When the force is
removed, the deformed material undergoes a partial recovery
of shape of the specimen as the elastic energy is dissipated.
In a time-varying ﬂow, however, the elastic energy component
also varies with time and may be either increasing or decreas-
ing, while the viscous energy is always increasing. Conse-
quently, the relationship between the time-varying force and
velocity reﬂects both the elastic and viscous properties of the
material.
In the current investigation, calculation of loss tangent (d),
(Table 1) showed that all materials stored in water for 3, 7 and
14 days had increased tan between 0.013 and 0.022 loss tan-
gents. Loss tangent (d) relates the storage energy of materials
during elastic deformation to other moduli as well as internal
damping [11].
Mechanical behavior of water-aged nano-ﬁlled hybrid composite restoratives 25Ref. [6] showed dental composites with higher hydrogen
bonding ability and shorter cross-link distance should have
higher modulus values than composites with fewer hydrogen
bonds and longer cross-link distances. Their explanation was
based on hydrogen bonds and shorter cross-link distances that
will increase molecular chain interactions and lead to stiffening
of the structure. In addition, a ﬁller particle affects the modu-
lus values.
In the present study, all the materials tested showed stable
elastic and mechanical behaviors while storing in water. Addi-
tionally, aging under water condition reduced the ﬂexural
strength of the tested nano-hybridmaterials. On the other hand,
all materials tested exhibited an increase in theYoung’smodules
values which indicate that the nano ﬁller hybrid resin materials
tested had behaved in a similar way while storing in water.
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